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ABSTRACT 
 
 The motivation of this research is to explore the viability of a method to directly 
verify whether or not an anaerobic adhesive within a threaded fastener assembly has 
cured sufficiently to provide secondary locking. Direct verification was implemented via 
the application of a test torque in the loosening direction of a fastener assembly with 
Loctite (given a 24 hour cure time). A three phase test plan was developed with the intent 
of identifying and utilizing this verification torque value which is unique to a given 
fastener assembly. 
 It was proved that the direct verification method, as outlined in the test plan, was 
in fact a valid method of verification in some cases. Results were dependent on the 
materials and coatings of the fastener assemblies. The curing properties of the liquid 
locking compound (LLC) with plain steel specimens resulted in a verification test that 
could accurately predict sufficient locking and cure (using distributions in torque 
measurements). Tests with zinc coated and stainless steel specimens, however, did not 
produce the same level of predictability in cure as the plain steel specimens.  
 The direct verification method as defined herein is not suited to certain materials 
and coatings. The less predictable curing properties of the stainless steel specimens 
caused complications in determining a verification torque that could reliably determine 
cure, resulting in dropping stainless steel from static and dynamic testing. The zinc 
coated specimen data was more consistent, but the adhesive did not add sufficient 
vii 
 
breakaway strength to the fastener assembly needed to define a usable verification value. 
These results led to the conclusion that the direct verification method as presented in this 
work is limited to more active material selections. One possibility to improve the 
secondary locking of less active materials is the use of a higher strength adhesive. 
 Testing to observe the effect of application of verification torque on the secondary 
locking was also performed. Multiple verifications were found to be destructive to the 
point that just over a third of samples failed that might have otherwise passed a single 
verification test. The single verification testing, on the other hand, caused substantially 
less locking mechanism degradation, leading to the use of a single verification torque in 
further testing. 
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CHAPTER 1: 
INTRODUCTION 
 
 Recent limitations pertaining to the use of anaerobic adhesives in aerospace 
applications have been identified due to adhesive curing issues. A document detailing the 
verification requirements of locking features by NASA prohibits the use of liquid locking 
compounds (LLC’s) as a locking device for safety critical applications due to the fact that 
cure is unverifiable [1]. Currently, there is not a method of directly verifying the cure 
within a fastener assembly. In an investigation of LLC’s as a locking feature, NASA has 
recommended the development of procedures and tests that verify sufficient cure of 
LLC’s [2]. Thus, this thesis is focused on developing a practical method of verifying the 
cure of a fastener assembly without significantly degrading the LLC, with the purpose of 
improving the understanding of and offering a possible solution to the issues associated 
with a lack of direct verification. This development would mean that fastener assemblies 
could be directly verified after assembly and cure time, then immediately enter service 
with a reliable sense of cure. 
1.1 Background 
 1.1.1 Summary of Secondary Locking Features 
 The primary form of locking for a fastener assembly is provided by an applied 
preload. Resistance to loosening originates from the friction in the threads, bolt head, nut 
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face, and washers (if used). Often, a redundant locking feature is necessary or required, as 
is in the case for many aerospace applications. This secondary locking feature is 
introduced using one of a number of possible locking features including: 
1. Mechanical features such as lock wire or cotter pin with castle nut 
2. Prevailing torque devices such as lock nuts with distorted threads or nylon 
strips 
3. Adhesives such as anaerobic adhesives and epoxies 
 The scope of this thesis is focused on the use of anaerobic adhesives as the second 
form of thread locking.  
 1.1.2 Anaerobic Adhesives 
 Within a fastener assembly, anaerobic adhesives have two mechanisms of locking. 
Firstly, the adhesive bonds to the surface of the threads, increasing friction between inner 
and outer threads. Secondly, once the adhesive cures within the voids not occupied by the 
threads, there is no space for material displacement, so the assembly has a stronger 
resistance to relative slip.  
 These locking mechanisms offer reliable performance provided the product has 
cured. However, cure is not guaranteed in all cases. Several factors can disrupt or prevent 
the curing process, such as lack of following application procedures, thread tolerance, 
fastener material (substrate), and hole type (thru or blind). Cure times can be lengthened, 
and overall breakaway strength lowered due to improper LLC application. Procedures 
can vary by fastener configuration, so it is important to adhere to proper procedural 
instruction. For instance, it is advised to use a primer when dealing with inactive 
substrates (e.g., stainless steel) as well as apply adhesive to both male and female threads. 
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High thread tolerances can contribute to increased cure times in addition to limited curing 
[2]. Anaerobic adhesives require an absence of oxygen to cure, so blind holes are not 
ideal for use with them as they can cause air to be trapped within the fastener assembly.  
 In instances that anaerobic adhesives do cure, tests show that threaded fastener 
liquid locking compounds can provide excellent locking of fasteners in bolted joints. In 
fact, Loctite has been shown to offer locking at least as good as prevailing torque locking 
fasteners [2].  
 Anaerobic adhesives are available in a variety of strengths which are conveniently 
color coded, e.g., red for high strength, blue for medium and green for low. Manufacturer 
data sheets can be used to select a specific strength for a given fastener size and 
application. For example, high strength is used in severe dynamic loading environments 
where fastener removal is infrequent. Medium and low strength is used in less severe 
environments where removal is more frequent [3]. In these cases, the purpose of the 
adhesive may be to prevent loss of preload or to prevent loss of product.  
 1.1.3 Fastener Substrates and Activators 
 Materials and coatings contribute to the overall effectiveness of anaerobic 
adhesives. Curing to full strength is faster in materials that are more active, and 
conversely, slower in less active materials. Figure 1.1 shows the curing rates of four 
commonly used fastener materials. Steel is the fastest to reach a full cure as it is the most 
active material, while stainless steel (the least active) has the slowest curing time.  
 Testing has shown that without the use of an activator (primer), stainless steel 
could take up to several weeks to achieve 100% of LLC breakaway strength and that the 
timeframe is “highly unpredictable” [2]. Often, it is necessary to decrease the time 
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required to reach sufficient cure, especially in inactive materials like stainless steel. The 
application of a primer makes a substrate more active, thereby accelerating the cure time. 
Figure 1.2 shows the effects of primers on the breakaway strength of M10 zinc 
dichromate steel over time. It can be seen that the breakaway strength increases more 
rapidly when an activator is used. 
 
 
Figure 1.1: Breakaway strength by cure time for different materials using Loctite 242 [4]. 
 
 
 
Table 1.1: Common active and inactive fastener substrates 
 
 
Active Substrates Inactive Substrates
Soft Steel or Iron Black Oxide on Steel
Copper Zinc
Brass Anodized Surfaces
Manganese Pure Aluminum
Bronze Stainless Steel
Nickel Titanium
Cadmium
Plastics
Commercial Aluminum 
(containing copper)
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Figure 1.2: Effect of activator 7471 and 7649 on breakaway torque over time. Results 
based on M10 zinc dichromate steel nuts and bolts [4]. 
 
 1.1.4 Direct Verification 
 An important aspect of the assembly process with a secondary locking feature is a 
method of verifying the locking feature during or after assembly. Mechanical features 
such as lock wire and cotter pins can be visually verified after assembly. Prevailing 
torque in lock nuts can be verified with a torque measurement during assembly. Locking 
of fastener adhesives is generally not directly verified. Instead, an indirect method with 
sample coupons is often utilized in which the samples are destructively tested with a 
removal breakaway torque measurement [5]. 
 Little information is currently available on any attempts to directly verify the cure 
of anaerobic adhesives within fastener assemblies. One sole reference to such an 
approach is given by Haviland. The point is very brief and involves the application of a 
tightening torque equal to 10% greater than the assembly torque (assumed to be applied 
after cure time). Any movement during this torque suggests a defective assembly [6].  
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 For the purposes of this thesis, verification was applied in the loosening direction. 
The value of the verification was not based on the assembly torque; instead each material 
type was intended to have a unique verification torque based on an analysis of baseline 
testing. Any thread turn during the verification torque was indicative of a failed fastener 
assembly. 
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CHAPTER 2: 
TEST EQUIPMENT, SPECIMENS, AND TEST PLAN 
 
2.1 Equipment and Specimens 
 2.1.1 Specimens and Materials 
Fixtures had to be made for use with the NASM 1312-7. The ¼” compatible 
fixtures were made to national aerospace standards. Drawings for the fixtures were 
produced by Joseph Pishnery and can be found in Appendix B. Specimens for testing 
were chosen to suit the fixtures. An active specimen type (plain steel) was chosen as well 
as a less active material (zinc coated) for testing with the NASM 1312-7 fixtures. The 
availability of stainless steel samples and fixtures compatible with the Junker testing 
apparatus from previous laboratory testing allowed for the addition of an inactive 
material type to the test plan as well. Dimensions of the stainless steel specimens were 
different than that of the zinc and plain steel fasteners to compensate for the differences 
in dimensional requirements between the two test apparatuses (1312-7 shaker and Junker). 
Previous preliminary testing and product familiarity resulted in a decision to use 
Loctite as the anaerobic adhesive for cure validation. It was necessary to maintain the use 
of one grade of Loctite throughout the duration of the experiment so that a comparison of 
the direct verification data of different material substrates could be made. 
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 2.1.1.1 Fasteners  
 Fasteners were chosen for compatibility with their respective fixtures. High 
strength grade 8, ¼-28 UNF hex head screws were chosen for use with the NASM 1312-
7 fixtures. Fasteners were 2-1/2” in length with a 3/4” thread length. Zinc coated and 
plain steel fasteners were similar in all but their finish. The stainless steel fasteners were 
NAS1004 ¼-28 UNJF-3A hex head screws [7]. More detailed fastener specs can be 
found in Appendix A. 
 2.1.1.2 Nuts 
 Nuts were chosen to match their associated fastener material (zinc coated and 
plain steel); they were high strength grade 8, ¼-28 UNF hex nuts. Nuts were not required 
for the stainless steel specimens. More detailed specs can be found in Appendix A. 
 2.1.1.3 Inserts 
 Inserts were MS124696, 0.375 inch long, standard, free-running Heli-Coil inserts,  
made of 304 stainless steel [8]. 
 2.1.1.4 Washers 
 Washers were only used for the zinc coated and plain steel fasteners. As with the 
nuts, washers were chosen to fit their associated fastener type (zinc coated washers for 
zinc coated fasteners). Based on availability, the washers differed in size. Plain steel 
washers had an inside diameter of 9/32” and an outside diameter of 5/8”. Zinc coated 
washers had an inside diameter of 5/16” and an outside diamter of 3/4”. More detailed 
washer spec can be found in Appendix A. 
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 2.1.1.5 Adhesive and Primer 
 The anaerobic adhesive, Loctite 242 was used throughout testing. It is a medium 
strength LLC, intended for use in applications requiring disassembly with standard hand 
tools. This adhesive is suitable for active as well as less active substrates [4]. Loctite 
7471 primer was used on specimen threads before Loctite application to aid in reducing 
cure time [9]. Additional specifications for Loctite 242 and Loctite 7471 can be found in 
Appendix A. 
 2.1.2 Measuring Equipment 
 2.1.2.1 Torque Wrenches 
 The use of a torque wrench was necessary in assessing the prevailing torque 
properties of fastener assemblies throughout experimentation. Two torque wrenches were 
necessary. The PROTO 6177A dial torque wrench has measuring capabilities from 0 to 
250 in-lbs. and a resolution of 5 in-lbs. For measurements exceeding the 6177A’s 
capabilities, a PROTO 6181A was implemented, having a measuring range of 0 to 600 
in-lbs. and a resolution of 10 in-lbs. 
 2.1.2.2 Load Cell 
 The load cell used to collect torque-tension data was a Sensotec D/7074-06, 
which is a strain gage based donut design. This particular load cell had a maximum load 
limit of 5000 lbs. Load was monitored through a digital display in lbs. with a resolution 
of one pound.  
 2.1.2.3 Accelerometer 
 Safety concerns dictated the use of an accelerometer for use in dynamic loading 
testing. A PCB Piezotronics 353B18 with a frequency range of 1-10,000 Hz was used. 
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The accelerometer was attached to the fixture assembly to relay the accelerations acting 
on the specimens during shock testing.  
 2.1.3 NASM 1312-7 and Associated Fixtures 
 The incorporation of a shaker into the test plan was used as a means to evaluate 
the effects of dynamic loading on the fastener locking assembly. The NASM 1312-7 is a 
standard for providing accelerated vibration testing. It is implemented to assess the 
qualification of a fastener assembly by using repeated cyclic shocks. Generally, the 
assessment entails a pass or fail rating based on the loosening of a given fastener 
assembly. Here, it will be used to evaluate any degradation of the LLC once subjected to 
dynamic loading. 
 
Figure 2.1: The NASM 1312-7 with ¼” assembly mounted 
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The shaker receives a sinusoidal analog input from a wave generator. The 
amplitude for all dynamic load testing was set to +/- 0.5 inches and samples were 
subjected to a frequency of 30 Hz to conform to NAS. This amplitude and frequency was 
sustained for 30,000 cycles (not necessarily NAS but a common number of cycles in 
aerospace testing). A limited number of samples could be tested at any given time, as the 
fixtures only allowed for three specimens. A gradual increase in amplitude was used to 
bring the shaker up to testing conditions (+/- 0.5”). 
 Fixtures were required to fix the specimens to the shaker. The ¼” fixture base is 
joined to the adapter plate. The aluminum adapter plate is outfitted with countersunk 
holes and serves to adjoin a fixture base to the shaker. This adapter can mount a variety 
of fixture bases, but in the case of this thesis, a ¼” fixture base is used. The ¼” is a 
reference to the specimens that the fixture base supports. The fixture base (and all other 
A2 parts) was made of heat treated A2 steel of 40-45 HRC to withstand prolonged shock 
from the vibrating specimens. The fixture base is equipped with three thru slots that are 
meant to be the guides that the test cylinders follow when under dynamic loading. The 
test cylinders in combination with the test washer create a spool through which the 
specimens are assembled. The spool, like the fixture base is heat treated A2 steel. Once 
the spool and specimen components are assembled, the result is called the fastener 
assembly. An image of the fastener assembly can be seen in Figure 2.2. Once the fastener 
assembly, ¼” fixture base, and adapter plate are together, this is known as the ¼” 
assembly, as seen in Figure 2.3. Drawings for these fixtures can be found in Appendix B.  
12 
 
 
Figure 2.2: The fastener assembly 
 
Figure 2.3: The ¼” assembly 
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 2.1.4 Junker and Associated Fixtures 
Figure 2.4 is a drawing of the Junker test machine. The purpose of the Junker is to 
assess the effects of transverse shear on a fastener assembly. It consists of a top plate 
clamped to a rigid fixed base through a threaded insert using a test screw. The top plate 
and fixed base have aligned thru holes intended for fixtures that allow specimens to 
traverse the gap between the plates. Roller bearings are placed between the top plate and 
the fixed base to minimize sliding friction and to prevent galling. Cyclic shear is applied 
by the top plate which is attached to an adjustable eccentric offset driven by an adjustable 
pulley arrangement that is powered by a 5 HP AC motor. Load cells are used to measure 
screw preload and the shear force acting on the top plate. In addition, the transverse 
displacement of the plate is measured through a linear variable differential transformer 
(LVDT) located at the end of the plate. The test machine has built in digital displays for 
shear force, preload and transverse displacement. A multi-channel data acquisition 
system is used to record the time traces of these variables.  
 
Figure 2.4: Drawing of the Junker testing apparatus 
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Figure 2.5: The Junker testing apparatus 
 Two fixtures are required for a test screw to span the gap between the top plate 
and the fixed base. The top plate has a tapered thru hole that a stainless steel conical 
fixture rests on. A thru hole in the center of the conical fixture aligns with a threaded hole 
in the cylindrical stainless steel load cell fixture, which is mounted from under the fixed 
base. The load cell fixture is tapped for use with an insert and a NAS1004 ¼-28 UNJF-
3A hex head screw. The round load cell fixture became problematic when attempting to 
grip during preload application, so flats were milled onto the sides of the fixture, allowing 
for an improved gripping surface. During testing, the conical and load cell fixtures are 
joined by a preloaded test screw. The Junker was intended exclusively for use with the 
stainless steel specimens throughout experimentation. The dimensions of the plain steel 
and zinc coated fasteners did not allow for dynamic testing with the Junker.  
15 
 
 
Figure 2.6: Junker conical fixture 
 
Figure 2.7: Junker load cell fixture with flats milled 
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2.2 Fixture and Specimen Preparation 
 Specimens and fixtures required preparation before putting them to use so that 
testing was as standardized as possible. The Junker and NASM 1312-7 had different 
fixtures and thus required different methods of preparation. Test specimens, however, 
were prepared in the same manner for the three specimen varieties.  
 2.2.1 Fixture Preparation 
 2.2.1.1 NASM 1312-7 Fixture Preparation 
 Throughout the multiple stages of testing, the prep for the NASM 1312-7 fixtures 
remains essentially the same. The A2 steel fixtures had a tendency to collect surface rust 
if allowed to be exposed to ambient air for extended periods of time. Storing the fixtures 
in lightly oiled, sealed bags kept oxidizing to a minimum. Other than preventing 
oxidization of the fixtures, the main focus went toward keeping the spool fixtures free of 
adhesive residue after each batch of testing. It was common for small amounts of Loctite 
to squeeze between the specimen washer and the spool during preload application. 
Removing the excess adhesive after each batch of testing was done by subjecting the 
spools to ultrasonic vibrations while submerged in a bath of Crown methyl ethyl ketone 
(MEK). Any remaining adhesive after the bath was weakened and easily removed with a 
blade.  
In the dynamic loading stage of testing, an additional step in the fixture prep was 
introduced. To limit friction between the fixture base and the spools while undergoing 
repeated cycling, oil was applied to the slots of the fixture base before administering the 
test. 
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 2.2.1.2 Junker Fixture Preparation 
 The cone and load cell fixtures used in the Junker testing were reused from 
previous testing. Four of each of these fixtures were selected to be used and recycled 
throughout experimentation. Testing resulted in residual Loctite formation within the 
threads of the load cell fixtures. Fixtures were cleaned to remove Loctite thread locker 
after each test as follows:  
1. Remove inserts from load cell fixtures using insert removal tool  
2. Clean all cones and load cell fixtures in a bath of MEK in an ultrasonic 
cleaner for five minutes. 
3. Run ¼-28 H2 thread tap through pre-tapped load cell fixtures and wipe away 
any adhesive.  
4. Repeat step 2. 
 2.2.1.3 Installing Heli-Coil Inserts  
Preparing the load cell for testing required the installation of a Helicoil insert. The 
Helicoil standard free-running inserts are installed in the load cell fixtures using the insert 
installation and tang break-off tools. The insert installation procedure is as follows:  
1. Install insert into a cleaned load cell fixture 0.75P to 1.5P below surface with 
installation tool  
2. Remove tangs with tang removal tool  
 The threads of the insert were sprayed with a primer once installed in the load cell 
fixture. This primer was allowed to dry for fifteen minutes prior to testing.  
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 2.2.2 Specimen Preparation 
 Specimens consist of fasteners, nuts, washers, and Loctite 242. Washers were 
used as received from the manufacturer, retaining residual oils. This was to reduce 
friction between nut/bolt face and washers. Loctite preparation consisted of keeping it 
stored as instructed on the label and shaking well before use. All fasteners and nuts used 
underwent a cleaning process to remove any contaminants (dirt and residual oils) present 
from the manufacturer. Cleaning consisted of giving the fasteners and nuts a bath in 
MEK while in an ultrasonic cleaner for five minutes. Once specimens were cleaned, they 
were allowed to fully dry for several minutes. The threads of the fasteners and nuts were 
sprayed with a primer coating and allowed to dry for fifteen minutes prior to testing.  
 
2.3 Testing Techniques 
 This section describes the techniques used for the following procedures: the 
application of Loctite, the application of verification torque, and the method for 
measuring the breakaway torque. The test procedures later in this next chapter will 
reference back to these techniques to explain how to properly perform a given step. 
Partitioning these techniques from the test procedures allows for a more fluid step by step 
test plan. 
 2.3.1 Loctite Application 
 The introduction of an adhesive reduces the friction required to reach the desired 
preload, therefore, a variation in the application of Loctite could lead to skewed results. It 
is important that the application of Loctite throughout all stages of testing is uniform. The 
method of adhesive application described in this section applies to all tests involving the 
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use of Loctite. For both the Junker and NASM 1312-7 testing, Loctite is always applied 
to both the internal threads of the nut/fixture and the external threads of the fastener. 
 In the manner that the adhesive is applied using the Loctite application methods, it 
is very important to note that some Loctite will be forced in between the nut and washer 
interface for the NASM 1312-7 specimens. An example of this can be seen in the left 
fastener assembly in Figure 2.8. This is normal and occurred for all specimens in NASM 
1312-7 testing fixtures. This layer of Loctite provides consistent frictional properties 
amongst specimens of the same type, allowing for an accurate assumption of preload. 
 2.3.1.1 External Threads 
 The procedure for Loctite application to the fasteners for the NASM 1312-7 and 
Junker is nearly the same. Loctite is applied directly to the threads directly from a bottle 
of Loctite 242. While gently squeezing the bottle, rotate the fastener to uniformly 
distribute the adhesive. Enough Loctite should be added to fill the crevices so that the 
thread peaks are visible as can be seen on the right specimen in Figure 2.8. Adhesive does 
not necessarily have to be applied to all of the exposed threads; the priority should be in 
having adhesive wherever internal and external threads will be in contact upon assembly.  
 2.3.1.2 Internal Threads 
 When applying adhesive to the nuts used in the 1312-7 testing, fill all the internal 
threads with 1-2 drops of Loctite so that the thread peaks are still visible. If there is 
excess, carefully wipe it away using a paper towel. For Loctite application in the Junker, 
apply adhesive only to the inserts within the load cell fixture in the same way as 
described for the nuts.  
 
20 
 
 
Figure 2.8: Loctite applied to a zinc coated fastener 
 2.3.2 Application of Verification Torque 
 A verification torque is to be applied in the loosening direction of a sample that 
has had a minimum cure time of 24 hours. For cases when multiple verifications are 
applied to the same specimen, release the torque from the previous verification fully 
before applying the next verification torque. When applying the verification torque, do so 
slowly. Upon reaching the verification torque, hold this torque for approximately 3 
seconds. When using a verification torque on NASM 1312-7 specimens, torque is applied 
to the nut while a wrench is used to secure the bolt head. For the Junker specimens, 
torque must be applied to the bolt head while gripping the load cell fixture with a wrench. 
If or when a fastener assembly fails during a verification torque, record both the torque 
and verification number that it failed at.  
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 2.3.3 Measuring Breakaway Torque 
 Gradually increasing torque in the loosening direction of a fastener assembly will 
eventually lead to the failure of the assembly. The maximum value required to result in 
failure is known as the breakaway torque. To measure this value, torque is slowly applied 
by a torque wrench. The torque value will increase, peak, then steadily fall as some 
prevailing torque will remain after breakaway due to the frictional properties introduced 
by the Loctite. The peak is the recorded breakaway measurement. When using a 
verification torque on NASM 1312-7 specimens, torque is applied to the nut while a 
wrench is used to secure the bolt head. For the Junker specimens, torque must be applied 
to the bolt head while gripping the load cell fixture with a wrench.  
 
2.4 Test Plan 
 The goal of the test plan is to detail a description of the methods used throughout 
experimentation, providing a step by step procedure of the processes used to test the 
validity of the direct verification method for three specimen varieties (plain steel, zinc, 
and stainless steel). The test plan is broken into three phases in the following order: 
baseline testing, static testing, and dynamic testing. For specimens being used in the 
NASM 1312-7 testing, a torque-tension test is performed prior to beginning baseline 
testing. This test is not performed for the stainless steel samples being used with the 
Junker. Preload is regulated by a load cell within the Junker.   
 2.4.1 Torque-Tension Test 
 The friction created by an applied preload in a fastener assembly is the main 
contribution to the breakaway torque; therefore, applying a uniform preload to specimens 
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throughout testing is desired. The purpose of the torque-tension test is to determine the 
range of preload experienced by a fastener assembly when a nominal torque is applied. 
With this information, the nominal torque can be applied to test specimens with a 
reasonable expectation of what the preload is without the use of a load cell.  
 Torque-tension testing was performed on plain steel and zinc coated specimens 
(substrates used in NASM 1312-7 testing). A nominal torque of 205 in-lbs. was applied 
with the intent of reaching a preload range between 65% and 75% for the grade 8 
fasteners.  
 
Figure 2.9: Torque-tension apparatus 
 The torque-tension apparatus is shown in Figure 2.9. A stable base was provided 
by mounting a cantilever beam in a vice. The fastener assembly contains a load cell for 
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accurate measurement to 5,000 lbs. A2 steel spacers are added as needed to support a 
number of fastener dimensions. The use of Loctite was employed to mimic the frictional 
conditions that the specimens would experience in future testing trials. Procedures for 
performing the torque-tension test are the same for zinc coated and plain steel fasteners 
and are as follows: 
1. Obtain 6 zinc coated nuts and 6 hex cap screws, as well as 12 zinc coated 
washers. 
2. Clean bolts and nuts according to the section 2.2.2. Do not clean washers. 
3. Apply Loctite 242 to the nut. See section 2.3.1.  
4. With the bolt head facing the ground, insert hex cap screw through cantilever 
beam, load cell, and steel spacers, making sure to have a washer on either side 
of this arrangement.  
5. While holding the bolt in place with one hand, apply Loctite 242 to the 
fastener threads according to the section 2.3.1. 
6. Take the nut from step 3 and thread it over the hex cap screw which is still 
being supported by one hand. Thread the nut by hand until the nut meets the 
washer so that the fastener no longer requires support from a hand.  
7. Obtain a 7/16” wrench and a PROTO 6177A dial torque wrench with a 7/16” 
socket attachment. Use the wrench to hold the bolt head while using the 
torque wrench to apply torque to the nut.  
8. Steadily apply torque to the desired 205 in-lbs. At this point, hold this torque 
for approximately three seconds. Gently release pressure. 
9. Record the preload measurement from the digital display. 
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10. Perform steps 3 through 9 for six trials. 
 The stainless steel specimens did not require a torque-tension test as the Junker 
was equipped with a load cell for preload measurement. The preload applied to stainless 
steel specimens was 2400 lbs. which is equivalent to 66% of the fastener yield. 
Determining the 66% yield of a fastener can be calculated by multiplying the thread 
stress area by 66% of the 0.2% yield strength.  
 2.4.2 Phase 1: Baseline Testing 
 Determining the verification value is based on the data obtained during baseline 
testing. Two data sets are required, both of which are similar in all respects but one; the 
cure time of the Loctite in each test set is different. In the first test, breakaway torque is 
measured almost immediately after applying the preload, thus preventing the Loctite from 
curing. This sample set reveals an average expected measurement from an uncured 
sample. In the second part of the baseline test, breakaway torque is measured following a 
minimum 24 hour cure period of the fastener assembly. A comparison of these two data 
sets will reveal the difference in breakaway torque between known uncured data and data 
from specimens allowed a cure time. This difference is used to determine a direct 
verification value as well as evaluate the viability of the direct verification method for the 
specimen variation tested. The verification value is a torque applied in the loosening 
direction of a fastener assembly that will inform an operator as to whether or not a 
suspect adhesive is sufficiently cured.  
 2.4.2.1 Baseline Testing Procedure for the NASM 1312-7  
 Baseline testing procedures in this section are for use with specimens that fit the 
NASM 1312-7 fixtures (plain steel and zinc coated substrates). The test procedure for 
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measuring the baseline testing of uncured Loctite with the zinc coated fasteners samples 
is as follows: 
1. Obtain 18 zinc coated bolts and nuts as well as 36 zinc coated washers. 
Specifications can be found in the section 2.1.1.  
2. Clean both internal threads of nut elements and external threads of the bolt by 
following the instructions in section 2.2.2. Leave washers as received. 
3. Allow the specimens to dry for 10 minutes after removing from the MEK 
bath. Apply primer T on internal and external threads of the nuts and bolts.  
4. Allow primer to dry for a minimum of 15 minutes. 
5. Apply Loctite to nut as specified in section 2.3.1. Set the nut aside on a paper 
towel.  
6. Install bolt thru spool, washers, and ¼” fixture base with the threads of the 
bolt facing the ceiling.  
7. While holding the bolt in place with one hand, apply Loctite 242 to the 
fastener threads according to section 2.3.1. 
8. Take the nut from step 5 and thread it over the hex cap screw which is still 
being supported by one hand. Thread the nut by hand until the nut meets the 
washer so that the fastener no longer requires support from a hand.  
9. Obtain a 7/16” wrench and a PROTO 6177A dial torque wrench with a 7/16” 
socket attachment. Use the wrench to hold the bolt head while using the 
torque wrench to apply torque to the nut. Torque the fastener assembly 205 in-
lbs. Hold this torque for 3 seconds. 
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10. Measure the breakaway torque according to section 2.3.3. Breakaway should 
be measured no more than a minute after application of preload. 
11. Record the breakaway torque. 
12. Repeat steps 2 through 11 for all 18 samples. 
 The procedure for testing the specimens that were given a cure time is very 
similar to that of the specimens not given a cure time, with a few additional steps. The 
procedure for baseline testing of the samples given time to cure is as follows: 
1. Obtain 18 zinc coated bolts and nuts as well as 36 zinc coated washers. Specs 
can be found in section 2.1.1.  
2. Clean both internal threads of nut elements and external threads of the bolt by 
following the instructions in section 2.2.2. Leave washers as received. 
3. Allow the specimens to dry for 10 minutes after removing from the MEK 
bath. Apply primer T on internal and external threads of the nuts and bolts.  
4. Allow primer to dry for a minimum of 15 minutes. 
5. Apply Loctite to nut as specified in section 2.3.1. Set the nut aside on a paper 
towel.  
6. Install bolt thru spool, washers, and ¼” fixture base with the threads of the 
bolt facing the ceiling.  
7. While holding the bolt in place with one hand, apply Loctite 242 to the 
fastener threads according to section 2.3.1. 
8. Take the nut from step 5 and thread it over the hex cap screw which is still 
being supported by one hand. Thread the nut by hand until the nut meets the 
washer so that the fastener no longer requires support from a hand.  
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9. Obtain a 7/16” wrench and a PROTO 6177A dial torque wrench with a 7/16” 
socket attachment. Use the wrench to hold the bolt head while using the 
torque wrench to apply torque to the nut. Torque the fastener assembly to 205 
in-lbs. Hold this torque for 3 seconds. 
10. Wipe away excess adhesive.  
11. Allow a minimum cure time of 24 hours.  
12. Measure the breakaway torque according to section 2.3.3. 
13. Record the breakaway torque. 
14. Perform a visual assessment of the disassembled parts. 
15. Repeat steps 2 through 14 for all 18 samples. 
 The Apparatus used throughout NASM 1312-7 baseline testing is shown in 
Figure 2.10. The baseline testing process is the same for both zinc coated and plain steel 
fasteners. Data collected from these two tests will be utilized in a data analysis to assess 
viability and/or determine a verification torque. 
 2.4.2.2 Baseline Testing Procedure for the Junker 
 Baseline testing with the Junker apparatus, like the NASM 1312-7, requires two 
sets of test data. The procedure for testing uncured Loctite stainless steel specimens is as 
follows: 
1. Obtain 9 NAS1004 UNJF-3A fasteners 
2. Clean both internal threads of fixture elements and external threads of the bolt 
following the instructions in section 2.2.2. 
3. Install insert using the section 2.2.1.3 procedure 
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Figure 2.10: Baseline testing apparatus 
4. Apply primer T on internal and external threads 
5. Allow primer to dry a minimum of 15 minutes 
6. Install fastener thru tapered conical fixture 
7. Apply Loctite 242 to bolt threads and fixture threads as shown in section 
2.3.1. Install fastener and conical fixture into the Junker 
8. Install load cell fixture into the Junker and thread the fastener into it by hand 
for a few rotations 
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9. Use a wrench to grip the load cell fixture while using a 7/16” socket to torque 
the bolt head 
10. Preload fastener to 2400 lbs. Once at 2400 lbs. of preload, hold this torque for 
3 seconds. 
11. Measure the breakaway torque according to section 2.3.3. 
12. Record the breakaway torque. 
13. Repeat steps 2 through 12 for a total of 9 samples. 
 The procedure for testing the specimens that were given a cure time is very 
similar to that of the specimens not given a cure time, with a few additional steps. The 
procedure for Junker baseline testing of the samples given time to cure is as follows: 
1. Obtain 9 NAS1004 UNJF-3A fasteners. 
2. Clean both internal threads of fixture elements and external threads of the bolt 
following the instructions in section 2.2.2. 
3. Install insert using the section 2.2.1.3 procedure. 
4. Apply primer T on internal and external threads. 
5. Allow primer to dry a minimum of 15 minutes. 
6. Install fastener thru tapered conical fixture. 
7. Apply Loctite 242 to bolt threads and fixture threads as shown in section 
2.3.1. Install fastener and conical fixture into the Junker. 
8. Install load cell fixture into the Junker and thread the fastener into it by hand 
for a few rotations. 
9. Use a wrench to grip the load cell fixture while using a 7/16” socket to torque 
the bolt head.  
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10. Preload fastener to 2400 lbs. Once at 2400 lbs. of preload, hold this torque for 
3 seconds. 
11. Allow 24 hour cure time. 
12. Measure the breakaway torque according to section 2.3.3. 
13. Record the breakaway torque. 
14. Perform a visual assessment of the disassembled parts. 
15. Repeat steps 2-14 for a total of 9 samples 
2.4.2.3 Data Analysis 
 Taken individually, the two groups of data obtained from baseline testing offer 
little insight into determining a verification value. However, an analysis of the “cured” 
and “uncured” data sets is the key to finding an acceptable verification value required for 
direct verification testing in the next phase of testing.  
 Certain specifications must be in place to ensure that the selected verification 
value is valid and reasonable. Firstly, the baseline data sets are expected to fit reasonably 
to a normal probability plot so that the sample set represents what would be expected in 
testing with a very large number of samples. Second, the probability plots of the two data 
sets are to have little to no overlap with data sets preferably having low standard 
deviations. This allows for the selection of a verification torque that reduces the number 
of failed samples that may have been sufficiently cured.  
 2.4.3 Phase 2: Static Verification Test 
During this phase, all samples undergo direct verification without dynamic 
loading. Two sets of tests are administered: first, a single verification is applied to the 
fastener assembly, and second, three verifications are applied. This set of tests has two 
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purposes. First, by comparing the data from the two tests, information about the bond 
degradation of multiple verifications will be gained. Secondly, the breakaway torque of 
static loading will offer a point of comparison for the dynamic loading tests later. This 
comparison will yield valuable information regarding the adhesive degradation following 
dynamic loading.  
2.4.3.1 Static Verification Test Procedure for NASM 1312-7 
Like the baseline testing, this section refers to the use of specimens compatible 
with the NASM 1312-7 fixtures (plain steel and zinc coated). Procedures for a single 
verification static test are as follows: 
1. Obtain 18 zinc coated bolts and nuts as well as 36 zinc coated washers. Specs 
can be found in section 2.1.1.  
2. Clean both internal threads of nut elements and external threads of the bolt by 
following the instructions in section 2.2.2. Leave washers as received. 
3. Allow the specimens to dry for 10 minutes after removing from the MEK 
bath. Apply primer T on internal and external threads of the nuts and bolts.  
4. Allow primer to dry for a minimum of 15 minutes. 
5. Apply Loctite to nut as specified in section 2.3.1. Set the nut aside on a paper 
towel.  
6. Install bolt thru spool, washers, and ¼” fixture base with the threads of the 
bolt facing the ceiling.  
7. While holding the bolt in place with one hand, apply Loctite 242 to the 
fastener threads according to section 2.3.1. 
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8. Take the nut from step 5 and thread it over the hex cap screw which is still 
being supported by one hand. Thread the nut by hand until the nut meets the 
washer so that the fastener no longer requires support from a hand.  
9. Obtain a 7/16” wrench and a PROTO 6177A dial torque wrench with a 7/16” 
socket attachment. Use the wrench to hold the bolt head while using the 
torque wrench to apply torque to the nut. Torque the fastener assembly to 205 
in-lbs. Hold this torque for 3 seconds. 
10. Wipe away any excess adhesive. 
11. Allow a minimum cure time of 24 hours. 
12. Apply one verification torque as specified in section 2.3.2. 
13. Measure breakaway torque according to section 2.3.3. 
14. Record the breakaway torque. 
15. Perform a visual assessment of the disassembled parts. 
16. Repeat steps 2 through 15 for all 18 samples. 
 The test procedure for a triple verification test differs from the single verification 
test only in step 12. Instead of a single verification, three verification torques are applied 
to the fastener assembly.  
2.4.3.2 Static Verification Test Procedure for Junker 
1. Obtain 9 NAS1004 UNJF-3A fasteners 
2. Clean both internal threads of fixture elements and external threads of the bolt 
following the instructions in section 2.2.2. 
3. Install insert using the section 2.2.1.3procedure 
4. Apply primer T on internal and external threads 
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5. Allow primer to dry a minimum of 15 minutes 
6. Install fastener thru tapered conical fixture 
7. Apply Loctite 242 to bolt threads and fixture threads as shown in section 
2.3.1. Install fastener and conical fixture into the Junker. 
8. Install load cell fixture into the Junker and thread the fastener into it by hand 
for a few rotations. 
9. Use a wrench to grip the load cell fixture while using a 7/16” socket to torque 
the bolt head.  
10. Preload fastener to 2400 lbs. Once at 2400 lbs. of preload, hold this torque for 
3 seconds. 
11. Allow 24 hour cure time. 
12. Apply one verification torque as specified in section 2.3.2. 
13. Measure the breakaway torque according to section 2.3.3. 
14. Record the breakaway torque. 
15. Perform a visual assessment of the disassembled parts. 
16. Repeat steps 2-15 for a total of 9 samples. 
 The test procedure for a triple verification test differs from the single 
verification test only in step 12. Instead of a single verification, three verification torques 
are applied to the fastener assembly. 
 2.4.4 Phase 3: Dynamic Loading Verification Test 
Once the static testing has been completed, the final testing phase can begin. To 
simulate accelerated conditions that a fastener may be subjected to, it is necessary to test 
specimens under dynamic loading conditions. During this phase, all samples undergo 
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dynamic loading. Two tests are performed on both the NASM 1312-7 and the Junker. In 
the first test, specimens are not subjected to a verification test before being cycled. The 
next test requires a single verification before cycling. A comparison of the breakaway 
data pulled from these two tests is performed to assess the effects of a verification torque 
on a fastener assembly that has been in service.  
 2.4.4.1 Dynamic Loading with the NASM 1312-7 
Again, this section refers to the use of plain steel and zinc coated specimens. 
Loading was provided via 30,000 cycles delivered by the NASM 1312-7 shaker. The 
testing was broken into two parts: cycling the fasteners with no verification and cycling 
the fasteners with a single verification. The procedure for performing dynamic testing on 
the NASM 1312-7 without verification is as follows: 
1. Obtain 18 zinc coated bolts and nuts as well as 36 zinc coated washers. Specs 
can be found in section 2.1.1.  
2. Clean both internal threads of nut elements and external threads of the bolt by 
following the instructions in section 2.2.2. Leave washers as received. 
3. Allow the specimens to dry for 10 minutes after removing from the MEK 
bath. Apply primer T on internal and external threads of the nuts and bolts.  
4. Allow primer to dry for a minimum of 15 minutes. 
5. Apply Loctite to nut as specified in section 2.3.1. Set the nut aside on a paper 
towel.  
6. Install bolt thru spool, washers, and ¼” fixture base with the threads of the 
bolt facing the ceiling.  
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7. While holding the bolt in place with one hand, apply Loctite 242 to the 
fastener threads according to section 2.3.1. 
8. Take the nut from step 5 and thread it over the hex cap screw which is still 
being supported by one hand. Thread the nut by hand until the nut meets the 
washer so that the fastener no longer requires support from a hand.  
9. Obtain a 7/16” wrench and a PROTO 6177A dial torque wrench with a 7/16” 
socket attachment. Use the wrench to hold the bolt head while using the 
torque wrench to apply torque to the nut. Torque the fastener assembly to 205 
in-lbs. Hold this torque for 3 seconds. 
10. Wipe away excess adhesive. 
11. Allow a minimum cure time of 24 hours. 
12. Attach the ¼” assembly to the shaker. 
13. Set up the wave generator to supply an amplitude of +/- 0.5” at 30 Hz 
14. Commence testing for 30,000 cycles. 
15. Measure breakaway torque according to section 2.3.3. 
16. Record the breakaway torque. 
17. Perform a visual assessment of the disassembled parts. 
18. Repeat steps 2 through 17 for all 18 samples. 
 The next test involves the addition of a verification test. The testing procedure 
is nearly identical to that of the dynamic testing without verification listed above. 
Immediately after step 12, another step must be added to allow for the addition of a 
verification torque. This torque is applied as instructed in section 2.3.2. 
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 2.4.4.2 Dynamic Loading with the Junker 
 Dynamic loading on the stainless steel specimens was to be performed with the 
Junker apparatus, where cyclic shear is applied to the fasteners until failure. Procedures 
for dynamic loading without a verification torque are as follows: 
1. Obtain 9 NAS1004 UNJF-3A fasteners. 
2. Clean both internal threads of fixture elements and external threads of the bolt 
following the instructions in section 2.2.2. 
3. Install insert using the section 2.2.1.3procedure. 
4. Apply primer T on internal and external threads. 
5. Allow primer to dry a minimum of 15 minutes. 
6. Install fastener thru tapered conical fixture. 
7. Apply Loctite 242 to bolt threads and fixture threads as shown in section 
2.3.1. Install fastener and conical fixture into the Junker. 
8. Install load cell fixture into the Junker and thread the fastener into it by hand 
for a few rotations. 
9. Use a wrench to grip the load cell fixture while using a 7/16” socket to torque 
the bolt head. 
10. Preload fastener to 2400 lbs. Once at 2400 lbs. of preload, hold this torque for 
3 seconds. 
11. Allow 24 hour cure time. 
12. Run the Junker until fastener failure (0 preload). 
13. Acquire preload-cycle data. 
14. Perform a visual assessment of the disassembled parts. 
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15. Repeat steps 2-14 for a total of 9 samples. 
 The next test involves the addition of a verification test. The testing procedure is 
nearly identical to that of the dynamic testing without verification. After step 11, apply 
one verification torque as specified in section 2.3.2. 
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CHAPTER 3: 
EXPERIMENTAL DATA WITH DISCUSSION 
 
 This chapter contains the data recorded as well as an analysis of the data acquired. 
The four major sections of this chapter flow chronologically and are titled by test type, 
beginning with torque-tension, followed by baseline testing, then static testing, and 
finally dynamic testing. Pertinent data for plain steel, zinc coated, and stainless steel 
specimens can all be found within these sections. Of the three specimen varieties, only 
plain steel data is seen beyond the baseline testing section, because the other two 
materials were invalidated for the direct verification method through an analysis of 
baseline data.  
 The words cured and uncured are seen often throughout this chapter. Whenever a 
table contains “cured” in the title, it means that the specimens tested to get the data points 
were allowed a 24 hour cure time prior to measuring breakaway torque. Tables with 
“uncured” in the title contain data from specimens that were given no cure time before 
measuring breakaway torque.  
 
3.1 Torque-Tension Data 
 Torque-tension data was acquired for the plain steel and zinc coated fasteners to 
determine the preload of an applied nominal torque of 205 in-lbs. This nominal torque 
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allows for preloads that are between 65 and 75% yield strength for the grade 8 high 
strength fasteners. 
 Loctite served as a lubricant during the torque-tension test, reducing the friction in 
the threads. Less friction results in greater preloads from the nominal torque when 
compared to a non-lubricated surface with the same applied torque.  
 Preload values for the zinc coated specimens average approximately 2960 lbs., 
which translates to 62.6% yield strength for the fastener. Plain steel preloads averaged 
about 3613 lbs., equating to 76.3% fastener yield strength. The difference in average 
preload between plain steel and zinc coated specimens can be attributed to the frictional 
properties of each respective substrate. The Loctite (lubricant) aided in producing a 
relatively low standard deviation for both specimen variations. Zinc coated and plain 
steel standard deviation to average preload ratios were 6.8% and 3.4%, respectively. The 
lower standard deviation in the plain steel specimens may be attributed to there being less 
friction in the nut/threads than in the zinc coated specimens.  
 It has been shown that preload has no effect on cure [Loctite final report]. 
However, that is not to say that preload does not have an effect on the testing results. The 
breakaway value of an assembly is based on the locking features, which, in the case of 
this thesis, comprises of the preload (primary) and the anaerobic adhesive (secondary). 
Preload affects the breakaway strength contributed by the anaerobic adhesive; a greater 
preload minimizes the impact of the adhesive on the breakaway torque. This relationship 
is important to recognize during the baseline testing, because the secondary locking 
feature is what’s being assessed.  
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 3.1.1 Zinc Coated Torque-Tension Data 
Table 3.1: Zinc coated torque-tension data 
 
*This data was obtained using Loctite 242 and a tightening torque of 205 in-lbs. 
 3.1.2 Plain Steel Torque-Tension Data 
Table 3.2: Plain steel torque-tension data 
 
*This data was obtained using Loctite 242 and a tightening torque of 205 in-lbs. 
 
3.2 Baseline Testing Data 
 This section contains the baseline data attained from the three specimen variations. 
Plain steel and zinc coated baseline testing each include two data sets; one for “cured” 
breakaway and another for “uncured” breakaway torque. Stainless steel baseline testing 
Sample Preload (lbs)
1 2873
2 2800
3 2933
4 2744
5 3192
6 3217
Average 2959.83
Std. Dev. 200.21
Zinc Coated
Sample Preload (lbs)
1 3504
2 3611
3 3620
4 3662
5 3812
6 3470
Average 3613.17
Std. Dev. 121.97
Plain Steel
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consisted of the “cured” data set, as this was all that was necessary to determine the 
viability of this material with the configuration of this test plan. Also included in this 
section is the data analysis which is implemented to determine a verification value. This 
verification value will be later used in the static and dynamic testing phases.  
 3.2.1 Baseline Data for Plain Steel Specimens 
 Breakaway torque of the uncured plain steel specimens averaged about 77.9% of 
the 205 in-lb. tightening torque. Average breakaway of the specimens allowed to cure 
was 92.1% of the applied tightening torque. Breakaway values were consistent, and the 
standard deviation was lower for the uncured samples than that of the cured samples 
(those given a 24 hour time). Prevailing torque after initial breakaway was not present 
with the uncured samples. The cured samples did have significant prevailing torque after 
initial breakaway, with resistance to thread loosening continuing until the nut was 
completely removed. Prevailing torque was not measured. A visual comparison of an 
uncured sample versus a cured sample after breakaway can be seen by viewing Figure 3.1 
and Figure 3.2. 
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Table 3.3: Uncured breakaway data for plain steel specimens 
 
 
Figure 3.1: Typical plain steel sample after uncured breakaway 
Sample Uncured Breakaway 
Torque (in-lbs) Sorted Data
1 160 150
2 158 153
3 160 157
4 157 157
5 158 157
6 159 158
7 162 158
8 164 159
9 169 160
10 160 160
11 166 160
12 153 160
13 157 161
14 157 162
15 160 164
16 161 166
17 166 166
18 150 169
Average 159.83
St. Dev 4.59
Plain Steel
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Table 3.4: Cured breakaway data for plain steel specimens 
 
 
Figure 3.2: Typical plain steel sample after cured breakaway 
Sample Cured Breakaway Torque (in-lbs) Sorted Data
1 197 176
2 190 181
3 181 181
4 188 183
5 189 185
6 196 185
7 185 187
8 190 188
9 183 189
10 194 189
11 198 190
12 196 190
13 185 192
14 192 194
15 176 196
16 181 196
17 189 197
18 187 198
Average 188.72
St. Dev. 6.17
Plain Steel
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 3.2.2 Baseline Data for Zinc Coated Specimens 
 Breakaway torque of the uncured zinc coated specimens averaged about 77.8% of 
the 205 in-lb. tightening torque. Average breakaway of the specimens allowed to cure 
was 85.2% of the applied tightening torque. Standard deviation values of the cured and 
uncured zinc coated data sets show that these specimens had more range than that of the 
plain steel data. Prevailing torque after initial breakaway was similar to that of the plain 
steel specimens. Note should be taken of the nut surface in Figure 3.3. Upon inspection, 
one can see that some cured/partially cured adhesive is present on the nut face. This acted 
as a lubricant during tightening and was typical for all samples tested that incorporated a 
nut (all plain steel and zinc coated specimens). 
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Table 3.5: Uncured breakaway data for zinc coated specimens 
 
 
Figure 3.3: Typical zinc coated sample after uncured breakaway 
Sample Uncured Breakaway Torque (in-lbs) Sorted Data
1 150 146
2 162 149
3 167 150
4 149 151
5 164 152
6 158 153
7 167 154
8 166 158
9 169 160
10 153 162
11 170 164
12 146 166
13 152 166
14 160 167
15 151 167
16 154 168
17 168 169
18 166 170
Average 159.56
St. Dev. 7.98
Zinc Coated
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Table 3.6: Cured breakaway data for zinc coated specimens 
 
 
Figure 3.4: Typical zinc coated sample after cured breakaway 
Sample Cured Breakaway Torque (in-lbs) Sorted Data
1 180 161
2 195 164
3 170 166
4 170 167
5 169 169
6 166 169
7 195 169
8 169 170
9 177 170
10 167 171
11 182 177
12 180 179
13 169 180
14 164 180
15 179 180
16 171 182
17 180 195
18 161 195
Average 174.67
St. Dev. 9.63
Zinc Coated
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 3.2.3 Baseline Data for Stainless Steel Specimens 
 Data for stainless steel spanned a wide range as curing was less regular than for 
the other two specimen types. One specimen came out with the insert still attached and 
others showed little sign of curing after disassembly. The nature of the fixture assembly 
for the Junker meant that, at best, only a single specimen could be tested in a single 24 
hour period. This contributed to their only being nine samples compared to the eighteen 
in plain steel and zinc coated testing.  
 
 
Table 3.7: Cured breakaway data for stainless steel specimens 
 
 
 
 
 
Sample
Cured Breakaway 
Torque (in-lbs)
1 251*
2 200
3 189
4 222
5 179
6 230
7 170
8 167
9 177
Average 191.75
St. Dev 23.66
Stainless Steel
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 3.2.4 Data Analysis 
 A data analysis was performed with the baseline data for the plain steel and zinc 
coated specimens. The stainless steel selection was ruled out as a valid configuration to 
be used with the direct verification method as defined in this thesis. Details can be found 
later in 3.4.1, Stainless Steel Data Discussion. The data analysis comprises of first 
comparing each set of data to a normal distribution followed by an analysis of cured to 
uncured data. This comparison leads to the selection of a reasonable verification value for 
application in static and dynamic testing. 
 The Z-value is calculated by subtracting the mean from a data point and dividing 
the result by the standard deviation of the data set. A normal distribution will display data 
points in a straight line, like the trend lines seen in Figures 3.5 and 3.6. To assume 
normally distributed data, the data points should reasonably fit a straight line trend. 
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 3.2.4.1 Plain Steel Data Analysis 
 
 
 
 
Figure 3.5: Normal probability plot for uncured plain steel specimens 
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Figure 3.6: Normal probability plot for cured plain specimens 
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Figure 3.7: Distribution of cured and uncured plain steel specimens 
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 3.2.4.2 Zinc Coated Data Analysis  
 
 
 
 
 
Figure 3.8: Normal probability plot for uncured zinc specimens 
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Figure 3.9: Normal probability plot for cured zinc specimens 
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Figure 3.10: Distribution of cured and uncured zinc coated specimens 
 3.2.4.3 The Verification Value 
 After a comparison of the baseline data for the zinc coated specimens, this 
material was discontinued in further testing for reasons later explained in the Zinc Coated 
Data Discussion. Plain steel offered a wider disparity between cured and uncured data 
sets than the zinc coated specimens, so a reasonable verification value was able to be 
selected. Adding three standard deviations to the average uncured plain steel data led to a 
value of 173.4 in-lbs. Using a conservative value of 174 in-lbs. meant that the verification 
value was at approximately 2.4 standard deviations from the cured specimen average. 
The selection of this value is subjective and based on whatever criteria a user defines, 
depending on the desired number of “passing” samples. For this research, a very low rate 
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of passing uncured samples was preferred at the cost of losing some potentially cured 
samples to the verification torque.  
 A very important finding to the analysis of the data is that a low standard 
deviation in the breakaway torque for cured and uncured specimens is indicative of a 
substrate that is well suited for the direct verification method outlined in this test plan. 
The lower standard deviation of the plain steel specimens allowed for the selection of a 
conservative verification value. The higher standard deviations of the zinc coated data 
would have resulted in the selection of a verification value that would have resulted in the 
loss of a high percentage of specimens.  
 
3.3 Static Verification Data 
 Static testing was only performed on plain steel fasteners as the other two 
specimen selections were ruled out by this point. This phase of testing is meant to show 
the effect of the verification on the adhesive locking mechanism in terms of breakaway 
degradation. The verification of 174 in-lbs. that was determined from the baseline testing 
is used in all instances that a verification torque is applied.  
 3.3.1 Single Verification Data 
 Samples subjected to a single verification of 174 in-lbs. averaged slightly higher 
breakaway values than the samples from the cured baseline tests. One sample failed 
during verification, which is denoted in the table with a parenthesis next to the data point 
that failed. Prevailing torque properties with samples given a cure time behaved similarly 
to the baseline samples.  
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Table 3.8: Single verification breakaway data of plain steel specimens 
 
 
Figure 3.11: Typical plain steel specimen after single verification 
Sample Breakaway Torque (in-lbs) Sorted Data
1 189 173(1)
2 180 180
3 192 181
4 186 186
5 190 187
6 187 189
7 196 189
8 195 190
9 181 191
10 192 192
11 196 192
12 191 192
13 192 193
14 200 195
15 189 196
16 199 196
17 173(1) 199
18 193 200
Average 191.06
St. Dev 5.53
Plain Steel with One Verification
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 3.3.2 Triple Verification Data 
 The numbers within the parenthesis in Table 3.9 indicate the verification that the 
specimen failed during. Seven samples failed compared to one that failed when a single 
verification was applied. Five of the seven failed during the second or third verification. 
The average breakaway was less than the average breakaway of the single verification 
data set.  
Table 3.9: Triple verification breakaway data of plain steel specimens 
 
 
 
Sample Breakaway Torque (in-lbs) Sorted Data
1 184 165(2)
2 171(2) 171(2)
3 173(3) 172(1)
4 192 172(3)
5 172(1) 173(1)
6 165(2) 173(3)
7 180 174(3)
8 173(1) 180
9 174(3) 180
10 180 184
11 186 185
12 190 186
13 195 190
14 172(3) 192
15 194 193
16 193 194
17 197 195
18 185 197
Average 188.73
St. Dev 6.02
Plain Steel with Three Verifications
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3.4 Dynamic Loading Verification Data 
 Once static testing revealed that multiple verifications destroyed the locking 
mechanism of a significant ratio of the samples, dynamic testing was performed with a 
single verification. To observe the effects of a verification torque, another set of data was 
recorded for dynamic cycling without a verification. No samples failed during 
verification or while cycling. The highest breakaway values throughout plain steel testing 
can be seen in these data charts. Also of note, is the increased range of data compared to 
previous plain steel tests.  
 3.4.1 Plain Steel Fasteners without Verification Data 
Table 3.10: Dynamic loading with no verification data 
 
Sample BreakawayTorque (in-lbs) Sorted Data
1 201 180
2 195 180
3 202 184
4 205 186
5 195 187
6 180 189
7 180 190
8 195 190
9 192 192
10 190 195
11 189 195
12 204 195
13 187 195
14 184 201
15 195 202
16 190 204
17 204 204
18 186 205
Average 193.00
St. Dev. 7.99
Plain Steel with No Verification 
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Figure 3.12: Typical plain steel specimen after dynamic loading 
 3.4.2 Plain Steel Fasteners with Single Verification Data 
Table 3.11: Dynamic loading with one verification data 
 
Sample Breakaway Torque (in-lbs) Sorted Data
1 194 175
2 206 176
3 181 178
4 186 180
5 175 180
6 201 181
7 205 181
8 196 186
9 195 186
10 194 194
11 180 194
12 197 195
13 203 196
14 181 197
15 176 201
16 180 203
17 186 205
18 178 206
Average 189.67
St. Dev. 10.49
Plain Steel with One Verification 
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3.5 Discussion of the Results 
 This discussion section is divided into subsections based on the three specimen 
coatings/materials used in testing (stainless steel, zinc coated, and plain steel). Each of 
the configurations was initially planned to undergo a three phase test plan (baseline 
testing, static testing, and dynamic testing), however, testing proved that the direct 
verification method was not applicable for all three substrates. Of the three specimen 
variations, plain steel was the only one to be tested throughout all three phases. The 
continuation of testing for a given specimen type was based on an analysis at each phase 
of testing to determine the validity and suitability of the direct verification method for 
that material.  
 3.5.1 Stainless Steel Data Discussion 
 The data in the baseline testing of the stainless steel specimens shows a wide 
disparity in the breakaway values after an allotted 24 hour cure time. Upon visual 
inspection of the thread locker after breakaway, there seemed to be a varying level of 
“cured” Loctite amongst the samples, which may serve as an explanation to the wide 
range of the data points. Most samples had at least some Loctite still in liquid form after 
disassembly, even after the allowed 24 hour cure time. At this point in testing, it was 
clear that with the given test plan, the direct verification method would not suffice in 
accurately determining sufficient cure without also inaccurately identifying a large 
portion of the cured samples as a non-cured. This occurrence would be due to a large 
portion of overlapping data in the baseline tests. To obtain a reasonable verification value, 
the overlapping data must be deemed “uncured” to prevent uncured samples from passing 
a verification test. In the instance of the stainless steel configuration, it can be deduced 
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from the cured baseline testing alone that the number of samples falsely discarded as 
uncured would make the direct verification method unsuitable for this substrate. 
Therefore, testing for stainless steel ceased from this point. 
  Inactive metals such as stainless steel are prone to longer setting times in order to 
reach peak cure; therefore, a modified version of the test plan may serve to remedy the 
issue of seemingly less predictable cure rates. A longer allotted cure time may be the 
answer to applying the direct verification method in such inactive metals.  
 3.5.2 Zinc Coated Data Discussion 
 Data acquired from testing the zinc coated specimens was significantly more 
stable than that of the stainless steel specimens. It is of note that there were differences in 
the configurations of the zinc and stainless steel testing, such as the testing fixtures, 
specimen size, preload, etc. The process for obtaining the verification value and its’ 
application was the same, however.  
 The baseline testing gave two distributions of data that had a significant amount 
of overlap. However, the lower standard deviation of the data sets seen in the zinc 
specimens compared to the stainless steel specimens warranted an analysis. While a 
significant number of specimens would be falsely labeled “uncured” with continued 
testing, this data shows that given even a conservative verification value, a number of 
samples would be correctly identified as cured. This data was the first to prove the 
validity of the verification method in a static environment within this research. At this 
point, it was known that zinc/adhesive locking was better than that of stainless steel. 
Using this information, it was logical to assume that a more active material type (plain 
steel) would offer data with more clearly separated “cured” and “uncured” data sets.  
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 3.5.3 Plain Steel Data Discussion 
 Testing for the plain steel and zinc coated specimens was identical with the 
exception of the specimens themselves (fasteners, nuts, washers). Baseline testing data 
resulted in the expected outcome; that the two data sets would display a wider separation 
than that of the zinc fasteners (due to plain steel being a more active substrate). In fact, 
the data sets had no overlap at all. With this data, a conservative verification value could 
correctly identify almost all uncured samples, while also falsely recognizing relatively 
few cured samples.  
 The next stage of testing was the static testing, which had the purpose of 
determining the effect, if any, associated with applying one or several verifications. A 
comparison of the average breakaway torque of cured samples with and without a single 
verification torque shows a very small difference, with the single verification breakaway 
slightly higher. Only one sample failed during the verification, which can be assumed to 
be uncured due to the conservative verification value chosen. The breakaway torque after 
a triple verification is more significant. Seven of the eighteen samples failed during the 
three consecutive verifications and the overall average breakaway was less than the 
baseline cured samples. Multiple consecutive verifications in a short period did degrade 
the adhesive, whereas a single verification showed little to no difference in the data. At 
this discovery, it was decided to continue to dynamic testing with a single verification to 
conserve the adhesive bond. 
 While it was found that consecutive verifications damaged the locking mechanism, 
there was no testing for multiple verifications spread out over time. Preliminary adhesive 
testing performed by Dr. Daniel P. Hess showed that when left assembled after 
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breakaway was performed, fastener assemblies with Loctite were found to regain cure 
when breakaway was attempted again. This suggests that, given time between 
verification torques, locking degradation may be less that that seen in the consecutive 
verification torque testing performed in this thesis.  
 Dynamic testing offered a way to test the effects of a verification torque on the 
longevity of a fastener assembly with an adhesive locking feature. Two data sets were 
required for this comparison. One set was run without a verification so as to provide a 
baseline average of the breakaway torque if no torque was applied prior to cycling. The 
next would be a data set of the breakaway torque required given a verification torque 
prior to cycling. Unlike in the static testing previously, none of the samples failed during 
the verification torque. The average of the two data sets was very close with a difference 
of just over three in-lbs. (as expected the single verification set was the lower of the two). 
The conclusion from this data is that a single verification test does not significantly 
degrade the locking compound.  
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CHAPTER 4: 
CONCLUSIONS 
 
 This thesis has shown that the direct verification method is a valid test in 
determining sufficient cure of an adhesive (secondary locking) within a fastener assembly 
for certain configurations. It was found that the method was well suited for plain steel 
specimens due to the LLC curing characteristics with active metals. The zinc coated and 
stainless steel specimens did not offer ideal conditions for the utilization of the direct 
verification method outlined in the test plan. Testing showed that multiple consecutive 
verification tests on a single sample caused some damage to the locking mechanism 
within the plain steel fastener assemblies, whereas a single verification exhibited no 
significant degradation. Also, dynamic loading did not degrade the locking provided by 
the adhesive when a verification test was performed. Although not measured, it is notable 
that a remaining prevailing torque was present after the initial breakaway of samples 
given a cure time.  
 Plain steel was the most active metal tested and reacted very well to the 
verification method, proving the validity of the test. The validity of the direct verification 
is based on two important criteria; the first being that there must be a disparity between 
the breakaway torque of an uncured sample and a sample that has a given cure time. It is 
this difference that enables the selection of a verification torque and allows for a 
predictable number of samples to pass or fail the verification test. The second criteria that 
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decides the validity of the direct verification method is that the verification torque must 
not significantly degrade the locking mechanism within the fastener assembly. Both of 
these criteria are satisfied during testing of the plain steel specimens, so it can be 
concluded that the direct verification method is valid for that configuration (and likely 
other active metals). 
 Stainless steel and zinc coated specimens did not react as well to the direct 
verification method outlined in the test plan of this thesis. Besides answering the question 
of validity, practicality also plays a role in the usefulness of the direct verification method. 
There is a possibility for a configuration to satisfy the two validity criteria without being 
an ideal set up for real world applications. For instance, the reason that the zinc coated 
fasteners were not tested beyond the baseline testing phase was that a significant number 
of samples would have been discarded as “uncured”, when the majority may have in fact 
been cured. Even though the two criteria to define validity would have most likely been 
satisfied with further testing, the number of discarded samples would have been 
significantly higher than that of a material with a greater cured to uncured breakaway 
disparity found during baseline testing. Configurations that have said greater disparity 
will have fewer discarded samples; consequently, the verification method is more 
attractive for these configurations.  
 It was found that certain characteristics are not ideal for use of LLCs, at least 
within the constraints of the devised test plan. There are a host of factors that can impact 
the results of the direct verification method: material type, specimen coatings, cure time, 
specimen preparation, specimen size, adhesives/primer, etc. Stainless steel, amongst other 
inactive metals and coatings can have curing issues that make a verification test 
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unsuitable for this test plan as the results show. Certain adhesives may not be able to be 
incorporated in a direct verification test. Since the usefulness of the test relies in the 
disparity between the “cured” and “uncured” sample sets, weaker adhesives may not 
offer enough added breakaway resistance to sufficiently widen this gap. Any environment 
where air can be trapped within the fastener assembly, such as a blind hole, will inhibit 
curing issues and should be avoided with anaerobic adhesives. Certainly, the test plan 
should be tuned with these factors in mind. It is possible that the zinc coated specimens 
would react to the verification method with the use of a stronger adhesive or some other 
adjustment to the prepared test plan. Further testing would be required to better define the 
limitations of the direct verification method.  
 Multiple consecutive verifications were found to be detrimental to the locking 
mechanism within the plain steel fastener assemblies. The data set where three 
verifications were applied shows that seven of the eighteen samples failed during 
verification. In contrast, only one sample failed in the data set where a single verification 
was applied and none failed in the later dynamic testing. Breakaway averages following a 
single verification showed very little difference to average breakaway values when there 
was no verification. Failure rate will be highly dependent on the verification torque value 
chosen for a given configuration. A fairly conservative value was chosen for the plain 
steel specimens to ensure that most potentially uncured specimens were not given a 
passing rating.  
 Lastly, the dynamic testing showed no apparent degradation of the LLC as 
assessed when a verification torque was applied before cycling. A comparison of the 
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averages of no verification to a single verification prior to cycling reveals little difference 
between the two.  
 
4.1 Future Research 
 Prevailing torque locking features such as lock nuts can be directly verified by 
measuring the breakaway strength once installed. Once verified as having satisfactory 
breakaway requirements, the same locking feature is generally reapplied. This same 
method could potentially be applied to LLC’s for direct verification. Preliminary 
adhesive testing was performed in a study to compare the effects of various lubricants on 
the effectiveness of Loctite 242. Once breakaway was measured, fastener assemblies 
were left assembled. After a period of days, attempts to disassemble the fasteners 
revealed that the adhesive had reached some level of cure [10]. There is the possibility 
that Loctite and other LLC’s retain a substantial amount of their locking after the first 
breakaway (and subsequent time to cure again), similar to prevailing torque locking 
features. This warrants testing where Loctite is verified in the same manner as prevailing 
torque locking features (perform breakaway to determine satisfactory breakaway strength 
followed by reapplying preload). 
 The performance of the anaerobic adhesive throughout testing was affected by the 
specimen substrate. Future research could be conducted to determine the viability of the 
test plan for inactive material substrates when the fastener assemblies are given a longer 
cure time. It is expected that this would reduce the range of breakaway data seen in such 
inactive materials as the stainless steel specimens tested in this research. Also, it is 
expected that the addition of greater breakaway strength contributed by a stronger 
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adhesive would allow for a wider disparity between the data sets of baseline testing 
(“cured” and “uncured”). This wider disparity would mean that the selection of a 
verification value would require a fewer number of sufficiently cured specimens to be 
discarded as failing the verification torque.  
 The consecutive verification tests performed in the static testing phase of research 
did show secondary locking degradation. However, no testing was performed where 
verification tests were spread over a period of time. Verification testing could be 
performed to match a maintenance schedule to show the effects of multiple verification 
torques over a longer period of time than what was seen in this thesis.  
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Appendix A: Materials Specifications 
A.1 Zinc Coated ¼-28 Fasteners 
 
Item    Hex Head Cap Screw 
Head Type   Standard 
Type    High Strength 
Grade    8 
Comparable To  Property Class 10.9 
Material   Alloy Steel 
Finish    Yellow Zinc 
Thread Size   1/4-28 
Thread Type   UNF 
Length under Head  2-1/2" 
Thread Length   3/4" 
Head Height   5/32" 
Head Width   7/16" 
Thread Style   Partially Threaded 
Thread Direction  Right Hand 
Class    2A 
Proof Load   120,000 psi 
Tensile Strength  150,000 psi 
Rockwell Hardness  C33 to C39 
Meets/Exceeds  SAE J429 and ASME B18.2.1 
 
A.2 Plain Steel ¼-28 Fasteners 
 
Item    Hex Head Cap Screw 
Head Type   Standard 
Type    High Strength 
Grade    8 
Comparable To  Property Class 10.9 
Material   Alloy Steel 
Finish    Plain 
Thread Size   1/4-28 
Thread Type   UNF 
Length under Head  2-1/2" 
Thread Length   3/4" 
Head Height   5/32" 
Head Width   7/16" 
Thread Style   Partially Threaded 
Thread Direction  Right Hand 
Class    2A 
Tensile Strength  150,000 psi 
Rockwell Hardness  C33 to C39 
Meets/Exceeds  SAE J429 and ASME B18.2.1 
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Appendix A: (Continued) 
A.3 Zinc Coated ¼-28 Nut 
 
Item    Hex Nut 
Type    Full 
Material   Low Carbon Steel 
Finish    Zinc Yellow 
Grade    8 
Property Class   8 
Thread Size   1/4-28 
Thread Type   UNF 
Thread Direction  Right Hand 
Width    7/16" 
Height    7/32" 
Rockwell Hardness  C24 to C32 
Application   High Strength 
Meets/Exceeds  ASME/ANSI B18.2.2 1987 (R1999),SAE J995 
 
 
 
A.4 Plain Steel ¼-28 Nut 
 
Item    Hex Nut 
Type    Full 
Material   Low Carbon Steel 
Finish    Plain 
Grade    8 
Property Class   8 
Thread Size   1/4-28 
Size    1/4-28 
Thread Type   UNF 
Thread Direction  Right Hand 
Width    7/16" 
Height    7/32" 
Rockwell Hardness  C24 to C32 
Application   General Purpose 
Meets/Exceeds  ASME/ANSI B18.2.2 1987 (R1999),SAE J995 
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Appendix A: (Continued) 
A.5 Plain Steel ¼” Washer 
 
Item    SAE Washer 
Type    SAE 
Material   Low Carbon Steel 
Finish    Plain 
Fits Bolt Sizes   1/4" 
Inside Dia.   9/32" 
Outside Dia.   5/8" 
Thickness   0.065" 
Thickness Tolerance  +0.015/-0.014" 
Meets/Exceeds  ANSI B18.22.1 
 
 
 
A.6 Zinc Coated ¼” Washers 
 
Item   USS Washer 
Type   USS 
Material  Through Hardened Steel 
Finish   Zinc Yellow 
Fits Bolt Sizes  1/4" 
Inside Dia.  5/16" 
Outside Dia.  3/4" 
Thickness  0.051 to 0.080" 
Rockwell Hardness RC38 to 45 
Application  Load Distributing 
Meets/Exceeds ASME/ANSI B 18.22, ASTM F436 
 
 
 
A.7 Loctite 242  
 
Technology:   Acrylic 
Chemical Type:   Dimethacrylate ester 
Appearance (uncured):  Blue liquid 
Fluorescence:    Positive under UV light 
Components:    One component - requires no mixing 
Viscosity:    Medium, thixotropic 
Cure:     Anaerobic 
Secondary Cure:   Activator 
Application:    Threadlocking 
Strength:    Medium 
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Appendix A: (Continued) 
A.8 Loctite 7471 
 
Technology:  Activator for LOCTITE® anaerobic 
   adhesives and sealants 
Chemical Type: Amine and Thiazole 
Solvent:  Acetone and Isopropanol 
Appearance:   Transparent, yellow to amber liquid 
Viscosity:   Very low 
Cure:    Not applicable 
Application:   Cure acceleration of 
   LOCTITE® anaerobic products 
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Appendix B: NASM 1312-7 Fixture Drawings 
 
 
 
 
 
Figure B1: Adapter plate 
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Appendix B: (Continued) 
 
 
 
 
 
Figure B2: ¼” fixture base 
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Appendix B: (Continued) 
 
 
 
 
 
Figure B3: ¼” test cylinder 
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Appendix B: (Continued) 
 
 
 
 
Figure B4: ¼” washer 
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Appendix B: (Continued) 
 
 
 
 
Figure B5: ¼” assembly with 2D Profiles 
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Appendix C: Permissions 
 
 
 
Figure C1: Permission for use of Loctite 242 spec sheet 
 
